The neuropeptides somatostatin and substance P show widespread distribution throughout the central and peripheral nervous system.
In neurological diseases changes of somatostatin-like immunoreactivity (SLI) and substance P-like immunoreactivity (SPLI) levels in lumbar cerebrospinal fluid (CSF) have been reported. However, little is known about the sources and sites of entry of these peptides in the CSF, and the question of craniocaudal concentration gradients is still controversial (Nutt et al., 1980; Soerensen et al., 1981; Rubinow et al., 1984) .
We examined 20 patients (three male, 17 female; mean age 48.2 4.2 S.E.M. years) with various neurological diseases. Four female patients had a relapse of multiple sclerosis with severe spinal or cerebellar disturbance. Three patients had viral meningitis. Two of four patients with vascular disease showed marked dementia of the multi-anfarct type. One patient had senile dementia of the Alzheimer type and one had Pick's disease, both diagnoses based on clinical criteria. One patient had normal pressure hydrocephalus. Four patients had peripheral nervous disease (alcoholic polyneuropathy, lumboischialgia, peroneal neuralgia and trigeminal neuropathy), one bone tumour of the cranial base and one depression.
CSF obtained by lumbar puncture at the L3/4 or L4/5 spinal interspace was collected in equal fractions of 8-10 ml, the volume varying with patients, frozen and stored at -40°C until the time of assay. Routine laboratory examination of cell count and glucose content was performed on the first fraction only. Each fraction was subjected to measurements of total protein, IgC, SLI, SPLI, homovanillic acid (HVA) and 5-hydroxyindoleacetic acid (5-HIAA). SLI and SPLl were determined in 4 : 1 concentrated fluid by radioimmunoassay using specific antibodies, which recognize somatostatin at the ring structure and substance P at the C-terminal four amino acids (Cramer et al., 1985) . The sensitivity of the assay was 20pg/ml for somatostatin and 10 pg/ml for substance P. Intra-and inter-assay variance Abbreviations used: SLI. somatostatin-like immunoreactivity; SPLI, substance P-like immunoreactivity; CSF. cerebrospinal fluid, HVA, homovanillic acid; 5-HIAA, 5-hydroxyindoleacetic acid.
were 5% and 12% respectively for both assays. All determinations were done in duplicate. Total protein levels were determined using the Biuret method, IgG levels by nephelometry in a rate nephelometer ICS (Beckmann Instruments). HVA and 5-HIAA were analysed using reverse-phase highpressure liquid chromatography (Gagnieu et al., 1984) . As a statistical test for significance, the Wilcoxon two-sided signed rank test was used.
The mean concentrations of SLI (Table I ) showed no significant difference between fractions. In contrast, significant differences of mean levels were revealed for SPLI, with lower values in the second and third fraction (fraction I1 vs fraction I, P < 0.01; fraction I1 vs fraction I, P < 0.01). In comparison, we found negative gradients for IgG and total protein (P < O.Ol), and positive gradients for 5-HIAA and HVA ( P < 0.01). In the four patients with multiple sclerosis, positive gradients for SLI were seen. Investigating the remaining 16 gradients, for SLI we found significant lower values in fraction I1 ( P < 0.05) but no significant differences in fraction 111. SPLI gradients in multiple sclerosis showed no difference compared with the whole group.
As total protein and IgG stem mainly from the blood, apparent cisternolumbar gradients were interpreted as due to the greater permeability of the blood CSF barrier at the lumbar level in comparison with the cisternal and ventricular compartments (Fishman et al., 1985) . Our results, disclosing a gradient for SPLI, point to the possibility of SPLI transport from blood into CSF and thus a major contribution of extraneuronal SPLI to CSF levels. Higher levels than in the CSF have been observed in blood plasma, but no relationship between plasma and CSF concentrations (Nilsson et al., 1977 ). An alternative explanation of an apparent negative lumbar-cisternal gradient for SPLI might be increased release in caudal segments of the neuraxis. Interestingly, significant decreases of lumbar SPI have been reported only in patients with peripheral neuropathy, known to involve mainly afferents of the lower extremities and Shy-Drager-Syndrome with degeneration of intermediolateral columns of spinal cord (Nutt et al., 1980) . Positive concentration gradients for HVA and 5-HIAA in all patients suggest that most HVA and 5-HIAA enter CSF at rostra1 levels (Gordon et al., 1975) . The lack of gradients for SLI presumes diffuse release of SLI into CSF (Soerensen et al., 1981) , blood CSF transport being less likely in absence of a plasma-CSF gradient. In this study conspicuous positive gradients appeared in the multiple sclerosis subgroup which did not differ from the whole population with respect to SPLI levels. The observed gradient might reflect increased release (or altered removal) , 1985) and additionally, some transferase isoenzymes possess a glutathione-dependent activity for organic peroxide reduction (Prohaska & Ganther, 1977; Prohaska, 1980) . This activity has been suggested to be more important than the selenium-dependent enzyme in controlling the build up of organic hydroperoxides in some tissues (McCay P I al., 1981; Bell et al.. 1984) and may be aided by the 'peroxidation-inhibiting protein'. This protein protects phosphatidylcholine liposomes from peroxidative degradation under some conditions (Ursini et al., 1982) . In this work, we purify five major and three minor forms of glutathione S-transferase from porcine liver and demonstrate that four of the five major forms are responsible for most of the organic peroxidase activity in this organ. Methyl linoleate hydroperoxides are used as a model system to assess the potential of glutathione S-transferase to reduce lipid hydroperoxides. Soluble extracts from approx. 30g of porcine liver contained 3820 units of transferase activity [with 1 -chloro-2,4-dinitrobenzene (CDNB) as substrate (Habig & Jakoby, 1981) ] and 650 units of peroxidase activity [with cumene hydroperoxide as substrate (Habig & Jakoby, 1981) ]. This was applied to a DEAE-Sephadex A50 column in IOmMpotassium phosphate pH 6.5, which binds and removes the 'peroxidation-inhibiting protein' (Ursini et al., 1982) . Most of the transferase activity (3480 units) and peroxidase activity (520 units) passed through this column and was applied to S-hexylglutathione-Sepharose (Mannervik & Guthenberg, 198 I) (Table 1 ). The transferase/peroxidase ratios demonstrated that at least 75% of the activity for cumene hydroperoxide in the pig liver crude extract is associated with transferase forms IV-VII.
Methyl linoleate was autoxidized at 40°C for 5 days and the four isomers (9-and 13-hydroperoxides, each with either the cis, trans or the trans, truns configuration of the conjugated diene) (Chan & Levett, 1977) were separated and purified by h.p.1.c. (Peers et ul., 1981) . The individual isomers were tested as substrates for the five major transferase forms (I, IV, V. V1, VII) using an assay consisting of the following final concentrations in 0.5 ml at 25°C: 0.01 Mpotassium phosphate pH 6.5. 0.04% Triton X-100. 10mM-glutathione and I00 pM-hpid hydroperoxide. Enzyme (about 0.06 unit of transferase activity with CDNB) was added to start the reaction. After 2 min, the reaction was stopped by extraction of the lipid components into I ml of hexane/methyl tert-butyl ether (85 : 15). The amount and nature of the products were determined using h.p.1.c. The retention times were compared with those of the individual purified hydroperoxide substrates and to those of the corresponding hydroxides [produced by NaBH, reduction of the hydroperoxides (Peers ei al., 1981) ]. By this method, an isomeric mixture of methyl linoleate hydroperoxides yielded only the corresponding hydroxides on enzymic reduction. Table 1 summarizes the results when individual methyl linoleate hydroperoxide isomers were incubated with each of the enzyme forms. The specific activities are compared with those with CDNB and cumene hydroperoxide as substrate. 'I' showed no peroxidase activity with either lipid or aromatic hydroperoxides. In general, the cis, truns isomers are better substrates than the truns. trans isomers, as exemplified by the three-fold difference in rates of reduction of 9-cI.s, trans and 9-trans, trans by VI. In this context, it may be significant that most naturally occurring unsaturated fatty acids possess c i s , trans double bonds.
Since the glutathione S-transferases exist in very high concentration (Habig et ul., 1976) , it is likely that these enzymes are effective scavengers of hydroperoxides. However, the relationship between the glutathione S-transferases,
